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Abstract

A six-month laboratory trial was conducted to assess the effects
of dietary replacement of fishmeal protein with mealworm (7enebrio
molitor) meal at 0% (control), 25% (D25), 50% (D50), 75% (D75) and
100% (D100) level on growth efficiency, feed utilization parameters,
survival percentage and total carotenoid deposition in skin and muscle
tissue of goldfish (Carassius auratus). Fifteen experimental units were
comprising of five dietary treatments, each with three replications and
each aquarium was stocked with 30 juveniles of goldfish (mean weight
0.57+0.03 gm). At the end of the experimental period, goldfish juveniles
fed with the D50 diet exhibited significantly higher final weight (7.22+0.15
gm) followed by the D75 set (6.52+0.10 gm) and then in the DO set
(5.43+0.15 gm), whereas lowest value was recorded in the D100 (4.62+0.11
gm). Significantly higher length of goldfish was noted in the D50 set
(8.87+0.09 cm) and lower in the D100 set (5.824+0.07 cm). Maximum value
of specific growth rate (SGR) was noticed in the D50 set and the lowest
in the D100 set. Feed conversion ratio (FCR) of the control was 4.02+0.11
whereas best FCR was noted in the D50 diet fed set (3.01+0.08) and the
poorest in the D100 set (4.86+0.17). So, with the escalating percentage
of fishmeal replacement with mealworm meal above 50% led to significant
depletion in growth efficiency and feed utilization. Survival percentage
was ranged from 96.67% to 54.44%, with a higher mean value in D50 set
and significantly lower in D100 set. Total carotenoid content in fish skin
and muscle tissue, was significantly higher (25.20+0.40) in D50 set and
lower in D100 set (4.91+0.18), whereas significantly appreciative value
was noted in the D25 (9.64+0.17) when comparing with the control
(6.20+0.19). Thus, 50% fishmeal protein replacement with mealworm meal
at an inclusion amount of 22.29gm in 100gm diet will be suitable for
goldfish, C. auratus.

Key words : Carotenoid content, fishmeal, goldfish, growth
efficiency, mealworm, survival percentage.
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Ornamental fish culture, a crucial
part of aquaculture, not only provide aesthetic
value but also earn foreign exchange. It has a
positive impact on developing countries’
economy as it provides employment to the rural
people and its retail value is much higher than
of the trade value’. The growing demand of
aquarium fishes have resulted in a steady
increase in the ornamental fish industry globally,
with a value of approximately US$15 billion®®.

Among the worldwide-well-recognized
ornamental fishes, goldfish (Carassius
auratus) is one of the commercially desired
species due to its colours, shape and size, and
also of its wide range of tolerance®. The skin
pigmentation of goldfish is a key quality that
determines its market value and consumer
acceptability®®. Its brilliant reddish-orange
colour is acquired from the carotenoid
deposition in its skin and muscle tissue. Though
fishes are unable to synthesize carotenoid de
novo®, absorb their requirement from dietary
sources'’. Carotenoid not only enhance skin
colouration of ornamental fishes but also
accelerate growth performance and increase
fish tolerance to environmental conditions®.
In ornamental aquaculture carotenoid must be
incorporated through dietary supplementation’
as earlier studies proved that faded colouration
of ornamental fishes were due to carotenoid-
deficient diets***. In the commercial feed for
farmed ornamental fishes, incorporation of
synthetic carotenoid such as astaxanthin (red)
and canthaxanthin (orange-red) are commonly
practiced'**?, Standardized synthetic carotenoids
are expensive and increases the feed cost 10%
to 20%'. Due to their high-cost, current
commercial market approaches towards natural

carotenoid sources®. Some crustaceans like
krill, shrimps, artemia, lobster, copepods, water
fleas, are able to deposit excellent amount of
carotenoid in their body®!7-?31:5762 " could be
the natural animal-based carotenoid sources.
Prior studies depicted that the natural cost-
effective carotenoid sources are the alternative
to synthetic carotenoid compounds for
ornamental fish feed industries and could be
incorporated in the fish feed to improve fish
skin pigmentation®.

Over the last decade, a number of
studies have pursued to boost the profitability
of ornamental fish industry by improving their
production efficiency and enhancing their skin
pigmentation through the incorporation of
various non-conventional, alternative, carotenoid-
loaded, cheap, easily available animal protein
sources by manipulating ornamental fish
nutrition'® ', Dietary protein of fish feed, is
an important nutrient of fish nutrition. Proper
growth and colouration of ornamental fishes
relies on the quality and appropriate quantity
of dietary protein'®. Aqua-feed cost mostly
depends on the cost of primary protein source
used in feed®. In aquaculture, fish feed is most
expensive input** due to high cost of fishmeal
which is the most accepted primary protein
source of fish feed due to its nutritional profile
and its quality protein and amino acid
composition®®, The increasing cost of fishmeal
and its scarcity due to its upscaling demand,
resulted to the search for non-conventional
alternative cost-effective animal protein sources
with a good amount of natural carotenoids that
could replace fish meal completely or partially
in the fish feed.

One of such alternative potential
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protein sources in aquafeed is mealworm
(Tenebrio molitor) larvae, could be a principal
ingredient for replacing the fishmeal in fish
feed. The mealworm larvae having about 47%
to 60% crude protein and about 18% to 30%
crude lipid*' of dry matter with excellent amino
acid and fatty acid profile'® make them suitable
for inclusion in animal and fish feed*. Prior
studies of feeding trial with mealworm provided
conflicting reports regarding its suitable dietary
inclusion level®.

Therefore, the present study aimed to
estimate the effect of diets replacing fishmeal
protein with mealworm meal at different
percentages on the growth efficiency, feed
utilization, survival and the carotenoid concen-
tration in the skin and muscle tissue of goldfish,
Carassius auratus.

Experimental fish :

A six-month feeding trial was carried
out at the laboratory of Department of Zoology,
Vidyasagar College, West Bengal, India, using
500 juveniles of goldfish with an average initial
weight of 0.57+0.03 gm. Fishes were purchased
from a local ornamental fish market in March,
2022 and acclimatized for 15 days in a glass
aquarium (36"x12"x12") in the laboratory
facilities and conditions, fed on a commercial
diet. Following the acclimatization period, fishes
were randomly captured and distributed in 15
experimental glass aquariums (18"x12"x12")
in triplicate of five sets at a density of 30 fishes
per aquarium. Diets were given twice daily
(09:00 and 18:00) to the fishes, at the amount
of 4% of body weight per day. The extra
uneaten feed particles were collected, dried
and weighted to find out the amount of diet

consumed daily. Total water exchange was
done twice a week.

Experimental diet :

Dried mealworm larvae were purchased
from nearby local pet shop (Kolkata, India)
and then oven-dried at 40°C for 48 hours in
the laboratory, and then ground into powder
form. It was kept in airtight zipper plastic bags
until further use in preparing experimental diets
for feeding trial and analysis. Five iso-proteic
experimental diets were formulated to meet
the nutritional requirement of goldfish. A
practical fishmeal-based diet was designated
with 38% crude protein, was used as control
(D0), and the four other diets were formulated
to contain 11.14%, 22.29%, 33.43% and
44.57% mealworm, replacing 25%, 50%, 75%
and 100% of fishmeal protein and named as
D25, D50, D75 and D100 diets respectively.
For the preparation of each experimental diet,
all the oven-dried ingredients were finely
ground, well mixed and thoroughly blended
with double-distilled water into dough, and
pelleted by pelletizer through 2 mm die. The
obtained moist stands were oven dried at 40°C
for 24 hours and then crushed into desirable
particle size and kept in room temperature in
airtight bags until used. Dietary ingredients
proportion and proximate composition of all the
experimental diets were tabulated in Table-3.

Proximate composition analysis :

For the estimation of crude protein,
crude lipid, crude fibre, moisture, ash contents
of mealworm larvae and experimental diets,
proximate composition was carried out
according to the guideline of Association of
Official Analytical Chemists methods®.
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Growth efficiency :

At the termination of the six-months
feeding trial, fishes were counted in each
aquarium and starved for 24 hours. Then final
weight and length of fishes were recorded and
the growth efficiency parameters like weight
gain, specific growth rate (SGR%), and food
utilization parameters in terms of total food
consumption and feed conversion ratio (FCR)
were calculated.

Estimation of carotenoid :

Carotenoid content of experimental
diets were estimated by Cyanotech'® method
and the total carotenoid content of coloured
part of fish skin and muscle tissue were
measured by following Olson*” method.

Water quality analysis :

Physico-chemical parameters of
water like temperature, dissolved oxygen, pH,
free carbon dioxide, hardness, alkalinity and
total dissolved solids (TDS) of experimental
aquariums were analysed and recorded
throughout the experimental period using
standard methods”.

Statistical analysis :

The results were presented in tables
and figures as mean =+ standard error of the
mean (SE). Statistical analyses for all the data
were done by using one-way analysis of
variance (ANOVA) followed by Duncan’s
multiple range tests (DMRT) to separate the
mean values according to significance.

Water quality parameters :

Table-1. Physico-chemical water quality
parameters of experimental aquarium sets
during the experiment

Parameter Minimum | Maximum
Temperature (°C) 27 39
Dissolved Oxygen 8.1 8.4
(ppm)

pH 7.2 7.4
Free Carbon 1.46 222
dioxide (ppm)

Hardness (ppm) 595 655
Alkalinity (ppm) 320 336
TDS (ppm) 910 1060

The data-range of water physico-chemical
parameters of all the experimental aquariums
were tabulated in Table-1. Dissolve oxygen,
free carbon dioxide, temperature and pH of
the water of experimental aquarium were
within the normal range, but values of water
hardness, alkalinity and TDS were little higher.

Nutrient composition of experimental meals:
Table-2. Proximate nutritional composition

of mealworms meal and fishmeal
(%, dry weight basis).

Nutritional Mealworm .
.\ Fishmeal

composition (%)|  meal

Crude Protein | 49.00+0.72a| 52.00+0.93b
Crude Lipid 17.78+0.80b| 13.14+1.61a
Crude Fibre 7.26+0.36b | 5.01+£0.53a
Ash 4.71+0.03a | 13.02+1.26b
Moisture 6.02+0.14a | 18.96+1.04b|
NFE 21.2440.98b| 16.83+2.36a

Data are presented as mean + SE.

Different letters (a,b) in a row denote significance
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difference (P<0.05) indicated by one-way
ANOVA followed by DMRT.

Proximate compositions in terms of
crude protein, crude lipid, crude fibre, ash and
moisture of mealworm meal and fishmeal were
presented in table-2. Crude protein percentage

of mealworm meal was significantly lower
than the fishmeal protein percentage, whereas
crude lipid and crude fibre percentage on dry
weight basis was found higher in mealworm
meal. Ash and Moisture content in percentage
was observed higher in fishmeal.

Table-3. Ingredients, their proportion and proximate composition of
experimental diets

Diet ingredients

(gm/100gm) DO D25 D50 D75 D100
Fishmeal 42.00 31.50 21.00 10.50 0.00
Mealworm 0.00 11.14 22.29 3343 44.57
Soybean 21.50 21.50 21.50 21.50 21.50
Corn 7.00 7.00 7.00 7.00 7.00
MOC* 14.50 14.50 14.50 14.50 14.50
Rice bran 12.50 9.18 7.61 6.70 6.04
Wheat 0.50 3.18 4.10 4.37 4.39
Vitamin-Mineral 2.00 2.00 2.00 2.00 2.00
Premix*

Total 100 100 100 100 100
Crude Protein 38 37.9 37.82 37.75 37.68
Crude lipid 15.34 15.42 15.57 15.81 16.22
Ash 12.55 11.35 10.45 9.37 8.12
Crude Fibre 9.27 10.79 11.46 13.55 13.73
NFE 24.84 24.54 24.7 23.52 24.25

*MOC- mustard oil cake

*Vitamin-Mineral Premix (mg/kg diet): retinol-
18,000 IU, Choleclaciferol-2000 IU, thiamine-
15, menadione sodium bisulphate-10, riboflavin-
25, pyridoxine-5, a-tocopherol-35, nicotinic
acid-200, Ca-pantothenate-50, biotin-1.5, folic
acid-10, cyanocobalamin-0.03, ascorbyl
monophosphate-50, inositol-400, copper
sulphate-20.2, dibasic calcium phosphate-5.9,
sodium fluoride-2.21, potassium iodide-0.78,
zinc oxide-37.5, ironsulphate-200, magnesium

oxide-840, manganese oxide-26, cobalt
sulphate-1.85, sodium selenite-0.65, potassium
chloride-1.17, sodium chloride-0.45.

The ingredient composition and
proximate compositions of experimental diets
were given in table-3. The proximate compositions
of all the experimental diets of goldfish did not
vary remarkably and the protein percentage
on dry weight basis was ranged from 37.68%
to 38%. (Table-3).
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Table-4. Growth parameters of goldfish, Carassius auratus fed with different
mealworm diets in six months feeding trial

Growth Diets

parameters DO D25 D50 D75 D100
Initial length (cm) | 2.7540.03a | 2.78+0.04a | 2.77+0.07a | 2.67+0.08a | 2.77+0.03a
Final length (cm) | 7.52+0.06¢ | 6.60+0.06b [ 8.87+0.09¢ | 7.75+0.05d | 5.82+0.07a
Initial weight (gm) | 0.56+0.03a | 0.56+0.02a | 0.58+0.03a | 0.60+0.02a 0.57+0.04a
Final weight (gm) | 5.43+0.15c | 4.88+0.14b | 7.22+0.15¢ | 6.52+0.10d 4.62+0.11a
Weight gain (gm) | 4.88+0.13c [ 4.32+0.12b [ 6.654+0.18¢ | 5.92+0.09d | 4.05+0.14a
SGR (%) 1.27+0.01c | 1.20+£0.02b | 1.41+0.04e | 1.33+0.01d 1.16+£0.05a
Total food 19.60-0.01c | 19.12+0.01b | 21.34+0.32¢| 19.95:0.04d | 18.65+0.05a
consumption (gm)

FCR 4.02+0.11c | 4.432£0.12d | 3.01+0.08a | 3.384+0.050b | 4.86+0.17¢

Values are mean + SE. Values with different letters are significantly different (P<0.05) using

DMRT after one way ANOVA.

Table-4 presented the results of
growth efficiency and feed utilization parameters
of the goldfish, noted at the termination of six-
month experimental period. At the beginning
of the experiment, the initial length and the
initial weight were taken, which were varied
from 2.5 cmto 2.9 cmand 0.50 gm to 0.62 gm
respectively. At the end of feeding trial, the
final length and the final weight was
significantly higher in the D50 set followed by
the D75 set, whereas the results of both the
parameters of control (D0) were higher than
the values of the D25 and the D100 sets and
significantly lowest final length and final weight
was recorded in the D100 diet fed set. Weight
gain in gram was found highest in goldfishes
fed with mealworm meal of 50% inclusion
(D50) while 75% inclusion of mealworm (D75)
meal gained second highest weight, and then
in the 100% fish meal diet (D0) and lowest

weight gain was observed in the 100%
mealworm meal inclusion set (D100). The best
value of specific growth rate in percent SGR
(%) was found in the D50 diet fed set and
poorest in the D100 set, but the D75 set
showed a better value when comparing with
the control (DO0). Positive effect of all the
experimental diets except the D100 was
observed for the feed utilization of the
experimental fishes. In case of food consumption,
goldfishes of the D50 set consumed significantly
highest amount of food followed by the fishes
of the D75 set and then in the DO set and the
lowest amount of food was eaten by the
experimental fishes of the D100 set. The best
value of the FCR was found in the D50 diet,
containing mealworm meal at the 50%
replacement of fishmeal, but significantly
highest value of FCR was observed in the
D100 set.
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Figure 1. Survival percent of C. auratus fed with five experimental diets.
Values are mean + SE. Bars with different letters are significantly different (P<0.05) using
DMRT after one way ANOVA.

Inclusion of mealworm meal in the diet ~ significantly with the D75 set (Fig. 1). Survival
of the goldfish showed a positive impact on  percentage of the D25 set and the DO set also
the survival percentage which was ranged from  vary insignificantly. Here 100% fishmeal
54.44% 10 96.67%. Goldfish fed with the D50 replacement with mealworm showed lowest
diet showed a higher mean survival percentage  value of survival percentage.
whereas the values of the D50 set did not vary

Carotenoid content of fish meal and in fish skin and tissue :
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Figure 2. Carotenoid content (pg/g) in five experimental diets.
Values are mean + SE. Bars with different letters are significantly different (P<0.05) using
DMRT after one way ANOVA.
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The spectrophotometric analysis of
carotenoid content of goldfish meals was
measured and the highest value was found in
the D100 meal where 100% fishmeal replaced
by mealworm meal, followed by the D75, D50,

D25 and the lowest in the DO where 0%
inclusion of mealworm meal. This result was
the direct consequence of the escalated
percentage of mealworm inclusion (Fig. 2).
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Figure 3. Carotenoid content (pg/g) in five experimental diets fed fish tissue and skin.
Values are mean + SE. Bars with different letters are significantly different (P<0.05) using

DMRT after one way ANOVA.

Among the five experimental diet sets,
concentration of carotenoid deposition in the
body of goldfishes was found significantly
higher in the D50 diet fed fishes, followed by
the D75 set, and then in the D25 set. Whereas
the fishes of the D25 set, showed higher
carotenoid deposition in their body when
comparing with the control (DO0) and significantly
lowest value of carotenoid content in fish
body was observed in the D100 diet fed set

(Fig. 3).

In case of physico-chemical water
quality parameters of experimental aquariums,
the value-range of water hardness and TDS
of ground water of experimental area used in
the aquariums, were 595ppm to 655 ppm and
910 ppmto 1060 ppm respectively, which were

quite higher than the normal range. But any
adverse effect on growth efficiency parameters
and survival percentage of goldfish during the
acclimatization period was not observed. This
observation was confirmed by the previous
studies, where depicted that ornamental fishes
are able to tolerate a wide range of hardness
and TDS?%.

When considering the growth and
food utilization by gold fish it was observed
that with the surge of the level of food consu-
mption, values of growth efficiency parameters
escalated accordingly. This investigation was
asserted the observation of Johnston et al.’’
and Sapkale ef al.* where denoted that higher
growth was obtained with the increased food
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consumption by X. maculatus. Higher consu-
mption of diets corresponded with higher
weight gain and higher growth of selected
fish%. The results of the growth efficiency and
food utilization parameters in terms of weight
gain, SGR, total food consumption and FCR
were noted superior in the goldfishes fed on
the D50 diet where 50% fishmeal protein was
replaced by the mealworm meal protein,
followed by the D75, D0, D25 and the poorest
in the D100 where 100% fishmeal protein was
replaced by the mealworm meal protein.
Therefore, the 50% substitution of fishmeal
protein with mealworm meal protein in the diet
was found best for goldfish, which was also
noted suitable for rainbow trout®, black spot
seabream®', Asian seabass'. Moreover, the
present study revealed that up to 75% fishmeal
protein could be replaced by the mealworm
meal protein. Few prior studies also reported
that the acceptable results of growth of yellow
catfish were obtained when fishes were fed
on diet with 75% inclusion of mealworm
meal®’. Jeong et al.,** conducted a feeding trial
on Black porgi (Acanthopagrus schlegelii)
and published that 60% replacement of
fishmeal with mealworm meal could be
possible which was supported by Harsij et
al.,*’, Antonopoulou et al.,* and Basto et al.,
in case of rainbow trout, gilthead sea bream
(Sparus aurata), European sea bass
(Dicentrarchus labrax). In this context, the
present study differed from few prior reports,
where noted that the diet of 80% fishmeal
replacement with mealworm meal displayed
a better growth and feed utilization in Catfish
(Clarias gariepinus)*.

In the current study, significantly
poorest results for weight gain, food intake,

SGR and FCR were observed in the 100%
replacement of fishmeal with mealworm meal.
This observation was supported by Redman
et al.,>* in black sea bass and Mazlum et al.,**,
in narrow-clawed crayfish juveniles where in
100% fishmeal replacement, fishes showed
disinterest in feeding and consumed significantly
less amount of diet that led to significantly
poorest results for growth efficiency. This
observation opposed the observations of
Saravanan et al.,*' and Ido et al.,> where
reported that 100% fishmeal replacement in
diet displayed significantly best result in the
final body weight, food intake, SGR (%) and
FCR of rainbow trout and Red Seabream
respectively.

In the earlier studies it was observed
that in the fish diet, the level of fishmeal
replacement with the mealworm meal, for their
better growth and food utilization, varied
greatly among the fish species. This variation
of mealworm meal inclusion level in fish diet
was might be species specific.

In case of survival percentage, 100%
fishmeal replacement with the mealworm meal
resulted the lowest survival percentage (see
Figure 1) that result was asserted by Ido et
al.,’* in red seabream but differed from the
results of Mazlum et al.,* in narrow-clawed
crayfish juveniles, where survival percentage
was significantly higher in 100% fishmeal
replacement set. The fishes fed the diet of 50%
fishmeal replacement with the mealworm meal
showed best value for survival percentage. A
similar result was found in rainbow trout and
European seabass, where higher survival
percentages were obtained from 50% fishmeal
replacement with the mealworm meal®.
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Carotenoid not only enhance the pigmentation
of fish skin but also have a positive influence
in nutrient metabolism> which ultimately
improve the growth of fish®. Present study
endorsed this investigation as significantly
highest values of both the carotenoid content
in fish body and growth performance parameters
were found in the D50 set. This is might be
due to the natural carotenoid, present in the
diet that may be responsible in promoting
growth. During carotenoid metabolism in
fishes, vitamin A and some nutrients are
formed which function as growth promoter?.
Few prior studies also accepted this opinion
and showed that the amount of carotenoid
content in fish feed directly related with their
growth enhancement, as found in red sword
tail®, rainbow trout', goldfish® and in guppy
fish®. According to Yesilayel et al.,” fish were
able to utilize feed carotenoid. This was found
in goldfish?*"! when fed diet with some natural
carotenoid sources.

In addition, earlier investigation reported
that carotenoid deposition in fish body directly
related with dietary carotenoid content which
ultimately increase pigmentation. This was
observed when goldfish were fed with various
natural carotenoid sources like spirulina, red
yeast and alfalfa*7> 7,

A definite concentration of carotenoid
in diet plays an important role in their
absorption and deposition in fish body®" . In
the present study, the concentration of
carotenoid in the D50 diet was 25.2 pg/gm
which might be the suitable concentration of
carotenoid in diet that would be the cause of
highest growth and skin pigmentation of
goldfishes of that set. Though the carotenoid

concentrations in the D75 and the D25 diet
could be also allowable as in this concentration
acceptable growth and also skin pigmentation
of fish were noticed. This particular carotenoid
concentration in feed at which the carotenoid
deposition in fish tissue and skin was maximum,
is species specific’?. Therefore, the extreme
level of carotenoid content in fish tissue and
skin is precise which is attained by taking an
optimum quantity of carotenoid through feed?.
Over that quantity of carotenoid in feed did
not show any increase in carotenoid deposition
in fish tissue and skin, rather provide a negative
impact on carotenoid deposition in fish body
as well as in fish growth®.

In last decade, several researches on
ornamental fishes were carried out with
different carotenoid sources like blue green
algae and spirulina and some plant sources like
beet root®, tomato and carrot* and paprika®
in fish feed and documented that carotenoid
in fish feed greatly influenced colour develop-
ment in ornamental fishes. Though, various
plant carotenoid sources have been incorporated
in the diet of ornamental fishes, inclusion of
natural carotenoid from animal sources are
very limited in aqua-feed. Hence, in the present
investigation, mealworm meal, a nonconven-
tional sustainable insect protein source with
suitable amount of carotenoid were incorporated
at different percentages in fish feed which
showed not only significant effect in skin
colouration but also on growth, food utilization
and survival percentage of goldfish.

Several research works were
conducted to establish the feasibility and
efficiency of mealworm meal inclusion
partially or completely in aqua-feed of different
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fish species and revealed that dietary
mealworm inclusion did not affect their growth
performances negatively>71220:4330.52,5559.65.70
The earlier reports on the suitable level of
fishmeal replacement with the mealworm meal
that support the best growth performances
were contradictory. Few feeding trials
recommended that the highest level of
replacement of fishmeal with mealworm meal
could not be more than 25 — 30% #0367,
whereas other noticed outstanding results at
more than 80% replacement®**, The
appropriate level of fishmeal replacement with
mealworm meal might be species specific*®.

The results of the present experiment
elucidate that the experimental goldfishes were
able to efficiently utilize mealworm meal
protein as well as its carotenoid. Dietary
substitution of fishmeal with mealworm meal
at 50% level improve growth and survival of
the fish, and promoted efficient carotenoid
concentration in skin and tissue of goldfish.
Moreover, mealworm meal could be incorporated
in the diet of goldfish up to 75% of fishmeal
replacement without any negative influence on
growth, survival and skin pigmentation of the
fishes. Therefore, the outcome of this study is
of special importance in ornamental fish
culture. Hence, follow-up research works
should be conducted aiming at optimizing the
potential percentage of the mealworm meal
replacing the fishmeal in the fish feed.
Therefore, need more feeding trials with other
ornamental fish species for obtaining suitable
level of mealworm meal inclusion which is
species-specific and also require more future
investigations for exploring novel cost-effective
insect protein sources that could able to replace
high-cost fishmeal in aqua-feed which will

ultimately support aquarium trade of India.
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